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Objective: To evaluate the neuromuscular activation profiles
of trunk muscles in commonly used gymnastic strength exer-
cises with a polymyographic set-up and to describe the training
effects of each exercise.

Design and Setting: Subjects performed 9 repetitions of
each of 12 gymnastic exercises. Variations of 5 trunk flexions,
5 extensions, and 2 lateral-flexion movements were performed
under standardized test conditions.

Subjects: Ten healthy subjects (men and women) who were
familiar with the exercises participated in the study.

Measurements: We recorded surface electromyograms
(EMGs) from the rectus abdominis, external oblique, rectus fe-
moris, middle trapezius, erector spinae at T12 and L3, gluteus
maximus, and semitendinosus and semimembranosus mus-
cles. Recording of each repetition cycle was triggered by a flex-
ible electronic goniometer attached to the trunk. The raw EMG
signals were rectified, smoothed, amplitude normalized to max-
imal voluntary contraction (MVC), and averaged for the last 8
repetitions.

Results: Pure spine-flexion exercises, such as a curl-up, pro-
duced sufficient and isolated activation (greater than 50% MVC)

of the abdominal muscles. When flexion of the spine was com-
bined with hip flexion (sit-up), the peak activation was in-
creased. Lateral-flexion tasks targeted primarily the external
oblique muscle, which demonstrated high activity in side-lying
flexion tasks. Back- and hip-extension exercises, such as bridg-
ing and diagonal hip and shoulder extension, produced only
moderate mean activities (less than 35% MVC) in the trunk-
extensor muscles. Trunk-extension exercises with combined
hip extension increased the EMG activity to 50% MVC but only
at the end of the extension.

Conclusions: Individual responses to each exercise varied
markedly, which complicated the classification of exercise ef-
fects. However, within the limitations of the study, we found that
the chosen abdominal exercises provided an effective training
stimulus for the trunk-flexor muscles, whereas in the back- and
hip-extension exercises, the neuromuscular activation tended
to be too low or unspecific to qualify as muscle-specific training.

Key Words: electromyography, activation profiles, EMG nor-
malization, EMG variability, movement standardization, back
muscles, abdominal muscles, hip muscles, training effective-
ness

Awide variety of different trunk exercises are currently
used for training and conditioning purposes, both in
athletic programs (eg, competitive sports and fitness)

and in rehabilitation practice (eg, low back pain patients and
back schools). The effectiveness of neuromuscular training is
typically based on functional anatomical evaluations, empiric
measurements, or subjective perception. Despite the large
number of different exercise set-ups, scientific evaluation of
their specific effects on the targeted musculature is lacking.
The fundamental questions are (1) is the muscle active and (2)
if yes, is its activation high enough and long enough to elicit
a training response for strength or endurance improvement?

Surface electromyography (EMG) can be used as a quan-
titative method to detect the activation level and patterns of
muscle groups in movement.1 A review of the existing EMG
literature related to this topic indicates that many study find-
ings are limited by poor standardization, insufficient EMG pro-
cessing, or missing statistical analyses. Typically, a qualitative
approach of EMG calculation based on microvolts, ordinal
scaling (more or less activity), or both was used.2–4

Recent investigators5–10 have used state-of-the-art EMG
methods incorporating fine-wire electrodes, amplitude-normal-

ization techniques, and interfacing with other biomechanical
sensors to evaluate the neuromuscular function of trunk and
hip muscles in a wide variety of daily activities and training
exercises. One drawback of most studies examining back and
hip extension is the lack of control or detection of the hip-
extensor muscles, such as the gluteus maximus and the ham-
string muscles. We found no study detecting the dorsal and
ventral ‘‘chain’’ of the main trunk and hip muscles within one
measurement set-up.

The purpose of our study was to record both the dorsal and
ventral superficial muscles simultaneously to demonstrate the
activation and coactivation patterns of the main trunk and hip
muscles. The EMG activation profiles for the main movements
of the spine (extension, flexion, lateral flexion, and rotation)
were determined in gymnastic exercises. Standardized meth-
ods and quantitative EMG analysis incorporating the latest am-
plifier technology were used to allow for comparisons among
the exercises.

METHODS

We investigated 10 healthy subjects (3 women, 7 men; age,
27.8 6 2.4 years; body weight, 75.8 6 15.8 kg; height, 177.9
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Figure 1. Gymnastic training exercises. A, Straight Curl-Up. Fingertips touch the temples, arms are in a fixed lateral position, the head and
shoulders are lifted, and the feet are not fixed. B, Cross Curl-Up. As in A, but 1 leg is across the other, and the contralateral elbow is
moved to the opposite knee. C, Curl Up, Hyperextended. Same arm position as A but inverse (-208) starting position; trunk and hip flexion
until the head and thorax are upright; no foot fixation. D, Sit-Up. Same arm position as A; trunk and hip flexion until the upper body is
upright; no foot fixation. E, Vertical Hip Lift. Knees are flexed between 708 and 908, arms are fixed, hip is lifted until lumbar spine is lifted
from the ground. F, Lateral Flexion, Fixed Legs. Foot of upper leg is crossed over the lower leg and fixed; flexion until the upper body is
lifted off the ground (308). G, Lateral Hip Lift. Elbow support from a flexed position (308 from hip to ground), extension to the neutral position
(08). H, Diagonal Hip and Shoulder Extension. From a flexed position (elbow in contact with the contralateral knee), diagonal hip and
shoulder extension to the horizontal position. I, Kneeling Back Extension. Same arm position as A, from a flexed position (chest-leg contact),
isolated spine extension (head and thorax to 458). J, Trunk Extension, Fixed Legs. Same arm position as A, fixed legs in prone position,
from 908 hip flexion-extension to the horizontal (08). K, Bridging. Supine position, trunk and arms resting on ground and knees bent (908),
hip extension to neutral position (08). L, Hip Extension, Fixed Trunk. Fixed upper body in prone position, from 908 hip and knee flexion
with extension of legs to the horizontal line (hip and knee, 08).

6 10.4 cm). All subjects were familiar with strength training
and gymnastic exercises, but none were specifically training
at that time. Informed consent was obtained from each subject
before participation in the study. Because the study was con-
ducted at a sports institution rather than a medical facility,
institutional review board approval was not required.

Trunk-training exercises were performed in randomized or-
der: 12 gymnastic exercises (Figure 1), including 5 for trunk
and hip flexion, 2 for trunk lateral flexion, and 5 for trunk and
hip extension. After a standardized sequence of warm-up on a
bicycle ergometer and stretching exercises, each subject per-
formed 12 different static maximal voluntary contractions
(MVCs), and each contraction (of 3 to 5 seconds’ duration) was
repeated 2 times (Figure 2). The rationale for these exercises is

based on comprehensive pilot studies of the most effective task
to produce maximum EMG activity. All subjects were familiar
with the MVC tasks, especially with the machine exercises, on
which they had trained extensively in the past. After the MVC
set, the subjects performed 9 repetitions for each training ex-
ercise. The contraction duration was standardized by using an
acoustic metronome at 30 beeps per minute. Between sets was
a rest period of at least 5 minutes.

We recorded surface EMG signals from 8 muscles; the dorsal
muscle extension chain was represented by 5 muscle groups
and the ventral muscle chain by 3 muscle groups (Table 1).

Wet-gel, nondisposable, 1.2-cm electrodes (Type Blue Sensor
P00S, Medicotest, Ølstykke, Denmark) were applied parallel to
the muscle-fiber orientation, with an interelectrode distance of
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Figure 1. continued.

2 cm. We prepared the skin by using a special abrasive-con-
ductive fluid that rubs and cleans the skin (Every, Neurodata,
Vienna, Austria). Care was taken that interelectrode impedance
was less than 10 kOhm. We tested the signal quality by visual
inspection of the baseline while moving the cable and shaking
the muscle. We performed spectral analysis on selected signals
and analyzed the power spectrum to inspect the EMG quality
and detect possible noise interference at 50 Hz.

The raw EMG data were measured at a bandwidth of 10 to
500 Hz, using a differential amplifier (MyoSystem 2008, No-
raxon Inc, Scottsdale, AZ). According to the manufacturer’s
technical specifications, the common mode rejection ratio was
greater than 110 dB, amplifier noise was less than 7 mVrms,
and input impedance was equal to 10 mOhm. The signals were
A/D converted with 1500 Hz and stored in a personal computer.
The stored data first were full-wave rectified, then smoothed
with a root mean square (150 milliseconds), and finally ampli-
tude normalized to the highest activity level found in the set of
MVC contractions (mean amplitude for 1 second). To define the
start and end of each flexion-extension cycle for gymnastic ex-
ercises, a 2-dimensional goniometer (Penny & Giles Computer
Products Ltd, Christchurch-Dorset, United Kingdom) was ap-
plied to the lateral trunk axis of the subjects. Because of pos-
sible starting effects, the first repetition of each set was excluded
from the analysis; the remaining 8 repetitions were time nor-
malized to 100 data points and expressed as an averaged rep-

etition cycle ranging from 0% to 100%.11 Finally, for each ex-
ercise, these ensemble averages were averaged again for all
subjects included in the study.

The coefficient of variation (CV) was used to describe the
variability of EMG data,11 and the Pearson correlation coeffi-
cient was used to describe the similarity of EMG activation
patterns. We used an analysis of variance for repeated measures
to show the effect of different exercise tasks on the EMG am-
plitude within a muscle group and the post hoc multiple-com-
parison Newman-Keuls test to identify significant differences
(P , .05) in mean values between tests.

RESULTS

Variability in Movement Execution

To standardize the tests, we asked all subjects to move with
a cadence of 30 beeps per minute. The mean contraction du-
ration for the first movement period (flexion, lateral flexion to
the right side) of all 12 exercises was 1928 milliseconds, and
the mean duration of the second movement period (extension,
lateral flexion to the left) was 2031 milliseconds. A general
trend indicated that the period to overcome load (concentric
period) was performed faster than the backward movement (ec-
centric period). The mean duration difference between the pe-
riods was 254 milliseconds. The CV was calculated for each
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Figure 2. Static test positions used to determine the maximum voluntary contraction. Unless otherwise indicated (by arrow, straps, or lever
arm), the static resistance was provided manually by assistants. The numbers below each exercise indicate, separately for each muscle,
the number of subjects who reached their highest activity level with this exercise.

Table 1. Muscles and Electrode Positions for the Surface
Electromyogram Measurements

Muscle (Group)
Application of Electrodes

(Right Side)

Trapezius (pars transversus) In parallel with the rhomboideus
fibers at the level of vertebrae
T3 through T6

Erector spinae (thoracic part) 3 cm lateral to the T8 through
T12 spinous process

Erector spinae (lumbar part) 3 cm lateral to the L2 through L4
spinous processes

Gluteus maximus At the center of the muscle belly
Semitendinosus and semimem-

branosus
At the center of the semitendino-

sus and semimembranosus
group

Rectus abdominis 3 cm lateral to the umbilicus
Obliquus externus abdominis At the level of the umbilicus,

about 15 cm apart, 3 cm above
the iliac crest

Rectus femoris At the center

Table 2. Univariate Analysis of Variance of Effect of Exercise
Variation on Muscle Activity

Muscle (Group) F df P

Trapezius (pars transversus)
Erector spinae (thoracic part)
Erector spinae (lumbar part)
Obliquus externus abdominis

14.1
8.74
7.39

11.96

4.34
3.25
5.45
5.45

.0

.0

.0

.0
Rectus abdominis
Gluteus maximus
Semitendinosus and semimembranosus
Rectus femoris

16.58
16.42
16.51
15.1

4.45
6.50
6.56
4.44

.0

.0

.0

.0

exercise to describe the variability of the contraction duration.
For the concentric part of the movement, the mean CV for all
exercises was 4.42%; for the eccentric period, 3.7%. The ver-
tical and the lateral hip lift demonstrated values higher than 10%
(maximum, 12.3%). The constancy of the range of motion
(ROM) was calculated from the CV of the mean angle values
obtained during each exercise. The average CV for the ROM
was 10.68%.

Mean Activity Distribution Profiles

The analysis of variance revealed a significant effect for the
exercise tasks for all muscles (Table 2). However, due to the
EMG-specific variability (see the following sections), many dif-
ferences among given tasks could not be confirmed by the post
hoc multiple-comparison analysis. If not otherwise indicated in
the text, the findings were not significant.

Gymnastic Abdominal-Flexion Exercises

To investigate which muscle is involved in each exercise and
what its activation level is for a given task, we calculated the
mean EMG activity for each period within the averaged repe-
tition cycle (Figure 3). Three exercises, the straight curl-up, the
cross curl-up, and the vertical hip lift, were spine-flexion tasks
without combined hip flexion. The distribution of EMG activity
over the ventral muscles indicated remarkable isolation of the
abdominal muscles. In the straight curl-up, rectus abdominis
activity showed a middle exhaustion level (52.45% MVC) for
the flexion period, which was slightly but not significantly in-
creased when additional rotation was added in the cross curl-
up exercise (55.96% MVC). External oblique muscle activity
was increased from 28.71% to 36.2% MVC when the straight
curl-up was varied to the cross curl-up. The next 2 exercises,
the curl-up, hyperextended at prestretched start position, and the
regular sit-up, added hip flexion to the spine flexion. For both
abdominal muscles, flexion activity increased when the straight
curl-up was changed to the curl-up, hyperextended; the increase
of 17.78% MVC for the oblique muscle was significant, but the
increase of 13.87% MVC for the rectus abdominis muscle was
not significant. When the straight curl-up was varied to a sit-
up, the flexion activity level of the rectus abdominis muscle
was unchanged, but the oblique muscle showed a significant
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increase from 28.71% to 56.51% MVC. Activity of the rectus
femoris muscle, the only hip-flexor muscle evaluated in this
study, increased significantly from less than 5% MVC (curl-up
exercises) to 21.98% (curl-up, hyperextended) and 32.18%
MVC (sit-up), indicating that the hip flexors were also activated
in these exercises.

The most demanding exercise was the vertical hip lift, in
which activation of all ventral muscles increased significantly.
The coactivation of the dorsal extensor muscles in the flexion
period of flexion tasks typically ranged from 2% to 7% MVC.
The neuromuscular activation profiles of the 2 lateral flexion
exercises illustrated their characterization as ‘‘whole-body’’ ex-
ercises: all trunk muscles showed considerable EMG activity.
Most dominant was the flexion activity of the external oblique
muscle in the lateral-flexion, fixed-legs exercise: almost-maxi-
mal EMG levels were reached (97.77% MVC). This high level
was reduced in the lateral hip lift (80.78% MVC), in which
lateral flexion was performed as hip flexion with foot and elbow
support.

Gymnastic Back- and Hip-Extension Exercises

The mean muscle activity for the diagonal hip- and shoulder-
extension exercise did not exceed 35% MVC for any of the
muscles, despite the fact that all muscles were active. The kneel-
ing back-extension exercise showed a remarkable isolation ef-
fect for the erector spinae muscles, which demonstrated exten-
sion activity levels of 68.12% MVC (trapezius muscle at T6)
and 44.02% MVC (erector spinae muscle at T12). Compared
with the trunk extension, fixed-legs exercise, in which hip ex-
tension is added to the spine extension, only the lumbar erector
spinae extension activity was slightly increased by 4.77%. The
hip extensors had comparatively lower mean activation of
32.44% MVC (gluteus maximus) and 24.6% MVC (semiten-
dinosus and semimembranosus muscle) in the extension phase.
In the bridging exercise, all dorsal extensor muscles were ac-
tivated on a low level: the highest mean extension activity for
this exercise was only 36.96% MVC for the lumbar erector
spinae.

In the hip extension, fixed-trunk exercise, the lower body
moves against the fixed upper body, opposite to the trunk ex-
tension with fixed legs. When these 2 exercises were compared,
a similar activity distribution was found. However, the lumbar
erector spinae EMG activation for extension was increased by
7.12% MVC, and trapezius and rhomboideus activity at level
T6 was diminished by 15.5% MVC.

Averaged Activation Profiles

To demonstrate the development of EMG activity within a
movement cycle, we analyzed the time- and amplitude-normal-
ized activation profiles for selected target muscles (Figure 4).
Clear differences in the cycle-specific activation can be seen for
both abdominal muscles: the rectus abdominis had a single peak
pattern in flexion exercises (eg, straight curl-up and vertical hip
lift) and a biphasic pattern in combined spine- and hip-flexion
movements (eg, curl-up, hyperextended, and sit-up). High ac-
tivation peaks between 80% and 100% MVC were found at the
beginning (curl-up, hyperextended, and sit-up) or at the end
(straight curl-up, vertical hip lift) at the end of the flexion pe-
riod.

As a general trend, the external oblique muscle showed a
similar activation profile for flexion movements as the rectus

abdominis but on a different level. For lateral-flexion tasks, lo-
cal supramaximal peak activations occurred at the end of the
flexion period (Figure 4B). Similar EMG activation patterns of
the 2 portions of the erector spinae were found in the back-
extension exercises (Figure 4C and D): a descending activation
within the flexion period was followed by a constant increase
in the extension period, in which peak activity between 65%
and 87% MVC (lumbar erector spinae) and 35% and 65% MVC
(thoracic erector spinae) occurred at the end of the movement
cycle. A somewhat different shape was found for the lumbar
erector spinae in the kneeling back-extension exercise, in which
a constant activation level between 50% and 60% MVC, rather
than a peak through the middle range of the extension period,
was found.

DISCUSSION

Variability of Tests

Movement velocity and acceleration, ROM, and load are im-
portant factors that directly alter EMG amplitude.12,13 One ap-
proach to standardizing the velocity of movement within a set
of repetitions is to use a metronome to control the duration of
contraction.5–6,8,14–17 When combined with a standardized
ROM, we can assume that the mean velocity of movement is
nearly constant. Yet this does not automatically mean that the
shortening and lengthening velocity of the muscle fibers is con-
stant throughout the ROM and that temporary differences in
acceleration are eliminated. We instructed our subjects to per-
form a smooth and controlled movement to minimize the effects
of fluctuation in velocity and acceleration. The mean CV for
the contraction duration, both for the concentric and eccentric
contraction periods, was less than 5%, which is an acceptable
value. Godfrey et al2 investigated the effect of different move-
ment velocities in sit-up exercises and observed higher ampli-
tudes for faster movements. They suggested that the discrep-
ancies in the literature were due to differences in the cadence
of movements. In our study, movement velocity differed among
exercises because of varied ROMs. In some exercises, such as
the vertical hip lift or lateral flexion with fixed legs, the duration
variability among subjects increased up to 12%, reflecting the
difficulty of the motor task (complexity, load, or both). Inter-
individual differences in the combined hip joint and segmental
spine movement could have been one reason for increased var-
iability, even if the overall movement of the whole body had a
standardized range. Because of the multisegmental character of
spine and hip movements, there is remarkable individual free-
dom to solve the given motor task.18

EMG Variability and Normalization

Our subjects performed a set of static exercises according to
the concept proposed by McGill et al8–10,15 to achieve a valid
MVC reference value. This approach is based on their obser-
vation that subjects do not all perform at maximum EMG ac-
tivity in the same exercise but may show maximum EMG ac-
tivity in other exercises.10,15 Our findings confirmed this
observation; for example, MVC activity for the external oblique
muscle was found in 4 different MVC tasks (Figure 2). The
most productive exercise for the dorsal extensor muscles was
not a machine-based exercise (as expected) but the prone-lying
extension of the whole body from a slight flexed-hip position.
One explanation for this finding could be the combination of
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Figure 3. Mean activity distribution profiles. The mean electromyogram activity for the concentric and eccentric periods is calculated as
the mean of 8 repetitions, which is averaged again for all subjects (n 5 10). The thin lines indicate 1 SD. A, Profiles for exercises 1 through
6. B, Profiles for exercises 7 through 12.

the subject’s stable position and the activation of the whole
extensor chain, which facilitated the activity of all the syner-
gistic muscles.

The activity distribution profiles (Figures 3A and B) can be
used to estimate the effectiveness of an exercise set in terms of
activating the main superficial trunk and hip muscles. However,
the high SD ranges in all the EMG data reflect each individual’s
unique response to these exercises, despite the homogeneity of
the subjects’ skill levels and familiarity with the exercises. The
mean CV of the average activation profiles of 3 selected target
muscles ranged from 34.17% (external oblique in lateral-flexion
tasks) to 41.18% (lumbar erector spinae in extension tasks) to

43.2% (rectus abdominis in flexion tasks). On average, this var-
iability is comparable with or even lower than that found in
other studies (eg, investigations of gait cycles).11 As indicated
by this variability, a general conclusion is that a training exer-
cise does not automatically generate a certain stimulus or level
of demand for the individual muscle.

Another feature of our study was the analysis of a typical
training set for each exercise, including 8 repetitions. One ex-
pectation was that fatigue-induced changes of the EMG signal
could occur within the sequence of repetitions (eg, increased
EMG activity as a result of motor unit recruitment and increased
firing frequency).19,20 The statistical analysis of the mean EMG
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Figure 3. continued.

differences between the first and the last repetition revealed that
only in 3 exercises did a significant increase in concentric EMG
activity occur in the prime movers: the rectus abdominis in the
curl-up, hyperextended, and sit-up and the external oblique in
the lateral-flexion exercise with fixed legs. Probably as a result
of the low initial activation level, typically not exceeding 50%
MVC, no significant EMG increase was found for the other
muscles and exercises. If training effectiveness is described in
terms of strength development, the neuromuscular activation for
these tasks may not be high enough, and increased load should
be added to achieve an effective neuromuscular innervation
higher than 50% MVC.20,21 In practice, this would need to be
determined individually, because contrary to the mean tendency,
some individual subjects demonstrated steep increases, whereas
others did not.

Flexion Exercises
A main finding was the isolation of the abdominal muscle

activity in spine-flexion tasks without hip flexion (Figure 3A),
which confirms earlier studies.7,8 When hip flexion, such as in
the sit-up, was added to spine flexion, the mean flexion activity
for the rectus abdominis muscle was unchanged, but the exter-
nal oblique and rectus femoris muscle activation was signifi-
cantly higher. McGill et al,22 comparing fine-wire and surface
electrodes, found that with an error of about 12%, rectus fe-
moris activity in common flexion tasks can be used to estimate
the activity of the deep psoas muscle. Mean rectus femoris flex-
ion activity in our data increased from 4.26% MVC (curl-up)
to 32.18% MVC (sit-up), indicating clear involvement of the
hip-flexor muscles. However, this finding demonstrated that the
abdominal flexors remained the primary activated muscles.
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Figure 4. A through D, Time and maximal voluntary contraction–normalized electromyogram activation profiles (n 5 10) of 4 target muscles
in selected trunk exercises. The curves are based on individual average curves of 8 repetitions. The vertical lines indicate the range for
point of return in these exercises. The peak activation value of each curve is specified in parentheses after each curve name. The corre-
sponding mean values for each period and exercise are listed in Figure 3.

The activation profiles of the averaged repetition cycle (Fig-
ure 4) illustrated remarkable differences in the development of
the rectus abdominis activity for the curl-up and the sit-up, de-
spite the fact that the mean activity was the same. This differ-
ence was mainly due to increased initial velocity in the sit-up
exercise, in which the upper body ROM was increased by 608,
but the contraction time of 2 seconds was kept constant. In
flexion tasks such as the curl-up and the sit-up, the abdominal
muscles are mainly active within the first 308 of flexion.2–4

From the standpoint of muscular training effectiveness and peak
activation, our data indicate that the sit-up is the more demand-
ing exercise for both the rectus abdominis and the external
oblique muscles due to the increased contraction velocity and
the need to accelerate the upper body mass more quickly at the
beginning of movement. As Axler and McGill8 showed, this
happens at the cost of higher compression forces acting at the
lumbar vertebrae. Results from other studies7,23,24 allow for the
same conclusion of increased activation in the abdominal mus-
cles in sit-ups, even if a direct comparison is limited due to
different test standardization and EMG quantification. Similar
to the study of Ekholm et al,23 the mean EMG activity but not
the peak activity for the (upper) rectus abdominis was signifi-
cantly increased when the muscle was prestretched, as in the
curl-up, hyperextended.

Lateral-Flexion Exercises
High neuromuscular demand on the external oblique was

found in the 2 gymnastic lateral-flexion exercises. The other

abdominal and back muscles acted as synergists with a mean
activation level between 40% and 60% MVC. The analysis of
the average activation profiles for the external oblique muscle
resulted in supramaximal EMG values, even if the load itself
was clearly submaximal. Typical data published for lateral-flex-
ion tasks range from 40% to 75% MVC, depending on whether
static8,25 or dynamic10 exercises were performed. Supramaximal
EMGs under submaximal dynamic load have been noted in oth-
er studies as well, but the findings were not addressed by the
authors.8,14,18,26 The cause of this phenomenon remains unclear.
A possible reason could be the incomplete excitation of the
motoneurons within the static MVC test trial, despite the fact
that similar exercise arrangements were used and the subjects
were accustomed to performing at maximum effort. Another
cause could be the changing electrode-to-muscle configuration
and distance in dynamic vs static contractions, which is thought
to influence the validity of static MVCs.1,27–29 Changes in the
recruitment scheme, increased cross-talk, metabolic changes oc-
curring in repeated dynamic contractions, and signal-summation
effects are other possible sources for supramaximal amplitudes.
The estimation of the neuromuscular activation level is clearly
limited by these uncertainties. However, because MVC ampli-
tude normalization is mainly a rescaling function, the relative
(muscle-specific) comparison of EMG activities among several
tasks is not affected and should be the main focus of interpre-
tation.

As compared with lateral-flexion tasks, a comparably low
activation of the external oblique muscle was achieved with the
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cross curl-up exercise (Figure 3A). The increase in mean activ-
ity associated with changing the regular curl-up to the cross
curl-up was not significant in this study, but other research-
ers8,10,23,24 have found that rotation added to spine-flexion tasks
resulted in a higher external oblique activation. For all lateral-
flexion exercises, the main activity took place in the external
oblique muscle. Marras and Granata25 investigated isokinetic
lateral flexion in the standing position and demonstrated that,
after the internal and external oblique muscles, the latissimus
dorsi was the most active muscle.

Extension Exercises

Among the back-extension exercises, diagonal hip and shoul-
der extension and bridging showed comparatively low mean
EMG activities of less than 35% MVC. The load and activation
demand may not be high enough to produce a stimulus suffi-
cient for strength development in conditioning programs.21 As
demonstrated in the mean activity distribution profile (Figure
3B), the diagonal hip and shoulder extension can be character-
ized as a ‘‘whole-body’’ exercise on a low activation level. Cal-
laghan et al9 found comparable EMG activities for the thoracic
and 2 portions of the lumbar erector spinae muscle in this ex-
ercise.

Bridging is sometimes misinterpreted as predominantly a hip-
extensor exercise. The most active muscle, however, was the
erector spinae at the lumbar and thoracic portions, whereas the
mean extension activity of the gluteus and semitendinosus and
semimembranosus group was less than 14%. The relatively low
activation of the gluteus was also found in a patient population
studied by Liefring et al.30 Good isolation of the thoracic and
lumbar erector spinae muscles was achieved with the kneeling
back extension, where a flexed and static hip position facilitated
selective activity of the lumbar extensor muscles.

In contrast to this exercise, the whole dorsal extensor chain
was activated in the trunk extension, fixed legs and hip exten-
sion, fixed trunk. In both tasks, the neuromuscular activity was
higher for the spine-extensor muscles than for the hip-extensor
muscles, indicating that these tasks were mainly ‘‘back-train-
ing’’ exercises. Callaghan et al9 reported peak EMG activities
of the erector spinae between 45% and 60% MVC in the trunk
extension, fixed legs.

A direct comparison of these movements demonstrated a
nonsignificant trend for the fixed-trunk version to enhance erec-
tor spinae muscle activity and diminish hip-extensor activity.
As shown in Figure 4, peak erector spinae activity for combined
spine- and hip-extension movement is located at the end of the
extension period, when the body segments provide the highest
lever arm. From the standpoint of training effectiveness, the last
25% of the extension cycle is the most productive part of move-
ment. Callaghan et al9 demonstrated that EMG activity is in-
creased when true hyperextension of the spine and hip joint is
performed. In 2 other studies,6,30 near-maximal EMG activity
was found in the lumbar erector spinae portion when unilateral
and bilateral straight-leg lifting was performed to achieve prone
hyperextension.

The increase in erector spinae activity with increasing exten-
sion is also reported for the combined back- and hip-extension
task in the standing position.28,31 In a comparison study between
kneeling and standing back and hip extension, Gallagher31 dem-
onstrated that the angle-specific activation of the erector spinae
muscle is strongly influenced by the hip and pelvis position and
rotation. Many investigators have used seated or standing back-

and hip-extension and lifting tasks without measuring the activ-
ity of the hip-extensor muscles.17,26,28,31–34 Our findings for
combined spine- and hip-extension exercises, such as trunk ex-
tension with fixed trunk or fixed legs, demonstrated synchro-
nized activation of all dorsal chain muscles, indicating the need
to monitor all of them when back-extension tasks are studied.
As shown for the kneeling trunk-extension exercise, lumbar and
thoracic erector spinae activity could be isolated for the hip
extensors’ activity when the hip was fixed in a flexed position.

CONCLUSIONS

Despite movement standardization, the EMG data in our
study demonstrated remarkable intersubject variability. Even if
some of this variation was due to the limitations of the MVC
normalization concept, it outlines the range of individual re-
sponses and training effectiveness for a given exercise. Within
the limitations of the type and size (n 5 10) of the population
investigated, neuromuscular innervation trends for trunk-train-
ing exercises can nevertheless be summarized.

• With pure spine-flexion exercises, such as the curl-up, good
isolation of the abdominal muscles can be achieved. The mean
EMG activity slightly increased through additional prestretch or
rotation. Combined spine- and hip-flexion exercises, such as the
sit-up, increased the EMG activity of the abdominal muscles,
mainly due to the changes in velocity and ROM.

• Very high activation of the external oblique muscle took
place in lateral-flexion exercises in the side-bending position.
The lumbar erector spinae and the rectus abdominis muscles
showed distinctive coactivation within these tasks.

• Double-supported back-extension exercises, such as diago-
nal hip and shoulder extension or bridging, elicited moderate
mean activity in the dorsal-extensor muscles. Only low hip-
extensor activity was achieved with bridging. Erector spinae
muscle activity was effectively increased during prone-lying up-
per body versus lower body movements.

• Activation of the hip-extensor and spine-extensor muscles
was closely coupled in these combined spine- and hip-extension
exercises, but the main neuromuscular activity was still located
in the back muscles. The spine extensors can be isolated with
exercises based on a fixed hip in flexed position and segmental
spine extension.
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